Abstract. Cutting performance of gray cast iron cylinder has been valued in the recently years. The microstructures and mechanical properties of four sets of gray cast iron cylinder liners were compared and studied. At the same time, the effect of microstructure on the cutting performance was explored. It is concluded that uniform matrix of gray cast iron will improve the cutting performance, and the higher the graphite content, the finer the size, the better the cutting performance. Ultimately, the condition of gray cast iron with good mechanical properties and cutting performance is below: fine, curved, disordered and evenly distributed flaky graphite structure and large lamellar spacing and uniform pearlite matrix.
Introduction
Cylinder liner is a core component of the engine, the current commonly used cylinder liner for the gray cast iron cylinder. Gray cast iron has good lubrication performance and wear resistance due to the presence of flaky graphite and pearlite matrix. Because the inner surface of the cylinder liner is the friction surface of the piston ring reciprocating motion, it is subjected to violent friction and requires good wear resistance [1] . Within a certain range, the higher the hardness of the material, the greater the wear resistance, therefore hardness is a very important measure. The problem of processing performance of gray cast iron cylinder liners has been gradually highlighted at present [2] . It is often found that the mechanical properties of domestic and imported cylinder liner are almost the same, but the wear of the tool is more serious during the processing, indicating that the microstructure of gray cast iron have a great impact on the mechanical properties and cutting performance. In this paper, the four groups of microstructure of gray cast iron cylinder liner were observed, combined with mechanical properties and cutting performance determination, to study its effect on the cutting performance of the gray cast iron cylinder liners [3] .
Experimental Method
Select four groups of castings of centrifugal casting by different processes. The inoculants were selected from 75SiFe and Si-Ca-Al alloy in an amount of 0.6 wt. %. Samples 1 and 2 add the first inoculant with centrifugal speeds of 1700 rpm and 1800 rpm, respectively; samples 3 and 4 add the second inoculant, the same speed were 1700,1800. Table 1 is the chemical composition of gray cast iron. Then the four sets of cylinder liners were divided into two parts, one for the cutting force test and the other for microstructure observation and mechanical property test [4] . The cutting force measurement experiment equipment is the CA6140 lathe which has been transformed by numerical control. The cutting force in the X, Y, and Z direction were measured respectively [5] . The feeding resistance was Fx; the cutting depth resistance was Fy; the main cutting force was Fz. The cutting parameters are as follows: the cutting speed is 350m/min, the feed rate is 0.2mm/r, the cutting depth is 1mm. In the four groups, the same processing parameters were used. Table 2 is the cutting resistance of grey cast iron cylinder during machining process. The cutting resistance can reflect the ease of processing of materials. The smaller the resistance of the cutting process, the more easily the material is cut, reflects intuitively the better cutting performance [6] . The main cutting force can be considered as the main indicators of cutting performance. Hence the cutting force from small to large is in turn sample 3, sample 1, sample 2 and sample 4, and it can be drawn that cutting performance of samples from good to bad followed by sample 3, sample 1, sample 2 and sample 4.
Experimental Results

Measurement Results of Cutting Force
Determination of Hardness
The macro hardness of the inner surface of the cylinder liner was first measured by the HB-3000B Brinell hardness tester. Four points were randomly selected on each surface to measure the hardness. Table 3 shows the results of the macro hardness measurement. As a result, it was found that the hardness of sample 1 was the largest, followed by sample 3, sample 2 and sample 4. Then the micro hardness of the pearlite matrix was measured by HV-1000 micro-Vickers hardness tester. Each sample measured 8 values, and then the average and deviation. Table 4 is the results of the micro hardness of the matrix. In comparison, the sample 2 is the largest, followed by the sample 3, 4 and 1. It is consistent with the macro hardness measured before. From following table, it can be seen that the deviation of the micro hardness of the sample 4 is large, and it means that the microstructure of sample 4 is relatively uneven, which results in a decrease in cutting performance. Microstructure Figure 1 shows the graphite morphology. It can be seen that the graphite morphology of the four groups still have obvious differences, and samples 1, 3 and 4 are flakes type-A graphite. Preliminary observations can be drawn, sample 4 graphite is relatively sparse, and the graphite content was significantly lower than that of samples 1, 2, and 3; the same is the flake type-A graphite, the graphite length of the sample 4 is longer than that of the sample 1 and sample 3, the length of sample 3 is the shortest, and sample 3 appears to be small and curved. When the graphite content is higher and the graphite length is lower, on the one hand can reduce the wear of the tool, on the other hand makes the substrate deformation easier, and thus conducive to cutting [7] . However, the sample 2 is mainly dendritic dot type-D graphite. Compared with type-A graphite, is not conducive to the tool lubrication and chip breaking, will increase the wear of the tool. Figure 2 is the scanning photos of the pearlite structure of the gray cast iron. It can be seen from the figure, the matrix structure of four groups are all pearlite. The lamellar spacing of the pearlite of the sample 1 and the sample 2 was slightly smaller than those of the samples 3 and 4, so that their micro hardness of the pearlite matrix was higher. It was also found that the microstructure of the sample 4 was significantly uneven, and it will lead to poor processing performance.
Conclusion
In this paper, and the influence of microstructure on the cutting performance of gray cast iron cylinder liner was studied and compared. The main conclusions are as follows: (1) Flake type-A graphite than the dendritic dot type-D graphite is more conducive to the broken chip. When the graphite content is higher, smaller and curved shape, the cutting performance will be better.
(2) The effect of pearlite matrix on the cutting performance of gray cast iron is mainly manifested in two aspects: the first one is the lamellar spacing. The larger the lamellar spacing, the smaller the strength and hardness of the substrate, the better the cutting performance; the second one is the uniformity of matrix structure. Uneven lamellar spacing causes the blade to be subjected to a discontinuous impact, aggravating the tool wear, so uniform morphology is favorable for cutting.
(3) It can be concluded that the gray iron structure with good mechanical properties and cutting performance is as follows: fine, curved, disordered and evenly distributed flaky graphite structure and pearlite matrix with large lamellar spacing and uniform structure. Therefore, the centrifugal casting cylinder liner of gray cast iron added Si-Ca-Al alloy for inoculation treatment, and centrifugal speed at 1700rpm, the cutting performance is the best, that is, sample 3.
